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Supplementary Fig. 1: Assessment of APOE levels in the brain and plasma of heterozygous 

APOE mice. 

(A) Realtime PCR showing APOE mRNA levels in the cortical tissue. 

(B and C) Western blotting showing APOE protein levels in the RIPA lysates of cortical tissue. 

(D and E) Western blotting showing APOE protein levels in plasma. 

(F) Detection and quantification of cholesterol levels in plasma. 

Data are presented as mean ± SEM. The data from female and male mice are labeled as solid 

and open circles, respectively. n = 6 mice/group. Statistical significance was determined by linear 

model analysis with sex included as a covariate, followed by Bonferroni multiple-comparison 

adjustment (significance threshold p < 0.0167). *p < 0.0167; n.s., not significant. 

 



 

Supplementary Fig. 2: Aβ40 levels in the brain of 5xFAD-heterozygous APOE mice. 

(A-C) Elisa detection of the Aβ40 levels in brain TBS (A), TBSX (B), and GND (C) fraction. 

Data are presented as mean ± SEM. The data from female and male mice are labeled as solid 

and open circles, respectively. n = 18-23 mice/group. Statistical significance was determined by 

linear model analysis with sex included as a covariate, followed by Bonferroni multiple-

comparison adjustment (significance threshold p < 0.0167). *p < 0.0167; n.s., not significant. 

 



 

Supplementary Fig. 3: Analysis of cerebrovascular integrity in the brains of 5xFAD 

heterozygous APOE mice. 



(A) Representative images of GLUT1, CD13, and ZO-1 co-immunostaining in the cortex. Scale 

bars, 50 µm. 

(B-D) The total GLUT1 signals (B), the CD13 signals normalized against GLUT1 (C), and the ZO-

1 signals normalized against GLUT1 (D) were quantified. Data are presented as mean ± SEM. 

The data from female and male mice are labeled as solid and open circles, respectively. n = 18-

23 mice/group. Statistical significance was determined by linear model analysis with sex included 

as a covariate, followed by Bonferroni multiple-comparison adjustment (significance threshold p 

< 0.0167). *p < 0.0167; n.s., not significant. 

(E) Representative images of GLUT1 and Albumin co-immunostaining in the cortex. Scale bars, 

20 µm. 

 



 

Supplementary Fig. 4: Sex-specific analysis of Aβ plaque load and neuritic dystrophy in 

5xFAD-heterozygous APOE mice. 

(A and B) Quantification of cortical Aβ plaque load in female and male mice. 

(C and D) Quantification plaque size in female and male mice. 



 

(E and F) Quantification X-34 staining of fibrillar amyloid in female and male mice. 

(G and H) Quantification of leptomeningeal CAA in female and male mice. 

(I and J) Quantification of Aβ42 levels by ELISA in the TBS-soluble fractions from female and 

male mice.  

(K and L) Quantification of Aβ42 levels by ELISA in the TBSX-soluble fractions from female and 

male mice.  

(M and N) Quantification of Aβ42 levels by ELISA in the GND-soluble fractions from female and 

male mice.  

(O and P) Quantification of peri-plaque dystrophic neurites in female and male mice.  

Data are presented as mean ± SEM. Statistical significance was determined by one-way ANOVA 

followed by Tukey’s multiple-comparison test. *p < 0.05; **p < 0.01; ***p < 0.001; n.s., not 

significant. 

 



 



Supplementary Fig. 5: Associations of brain APOE and disease-associated microglial gene 

expression with Aβ load. 

(A) Brain APOE mRNA levels derived from the normalized NanoString nCounter dataset and 

expressed relative to APOE3/3 controls. Data are presented as mean ± SEM. Female and male 

mice are indicated by solid and open circles, respectively. n = 12 mice per group. Statistical 

significance was determined using a linear model with sex included as a covariate, followed by 

Bonferroni correction for multiple comparisons (significance threshold, p < 0.0167). *p < 0.0167; 

n.s., not significant. 

(B-N) Scatterplots showing the associations between brain APOE mRNA levels and the mRNA 

levels of disease-associated microglial (DAM) genes. 

(O-BB) Scatterplots showing the associations of brain Aβ load with APOE mRNA levels (O) and 

DAM gene mRNA levels (P-BB). Gene-expression values and Aβ load were normalized to the 

cohort mean. Each dot represents one mouse and is colored according to APOE genotype. Black 

lines indicate linear regression fits. Pearson correlation coefficients (r) and corresponding two-

sided p values are shown in each panel. 

 

 



 

Supplementary Fig. 6: Microglia and astrocyte densities in the brain of 5xFAD-

heterozygous APOE mice. 

(A) Representative Iba1 immunostaining in the cortex of 10-month-old 5xFAD-APOE3/3, 

APOE3/4, APOE2/3, and APOE2/4 mice. Scale bars, 100 µm. 

(B) Quantification of Iba1-positive area in the cortex normalized to the APOE3/3 group. 

(C) Representative GFAP immunostaining in the cortex. Scale bars, 100 µm. 

(D) Quantification of GFAP-positive area in the cortex normalized to the APOE3/3 group. 

Data are presented as mean ± SEM. The data from female and male mice are labeled as solid 

and open circles, respectively. n = 18-23 mice/group. Statistical significance was determined by 

linear model analysis with sex included as a covariate, followed by Bonferroni multiple-

comparison adjustment (significance threshold p < 0.0167). *p < 0.0167; n.s., not significant. 

 

 



 

Supplementary Fig. 7: Sex-specific analysis of CD68 and plaque-associated microglia in 

5xFAD-heterozygous APOE mice. 

(A and B) Quantification of CD68 positivity in female and male mice.  

(C and D) Quantification of plaque-associated microglia in female and male mice.  

Data are presented as mean ± SEM. Statistical significance was determined by one-way ANOVA, 

followed by Tukey’s multiple-comparison test. *p < 0.05; **p < 0.01; ***p < 0.001; n.s., not 

significant. 

 

 

 



 

 



Supplementary Fig. 8: OLIG2 and BCAS1 densities in the brain of 5xFAD-heterozygous 

APOE mice. 

(A and B) Representative OLIG2 staining in the cortex (CTX) (A) and quantification (B) normalized 

to APOE3/3 controls. Scale bars, 50 µm. 

(C and D) Representative OLIG2 staining in the corpus callosum (CC) (C) and quantification (D) 

normalized to APOE3/3 controls. Scale bars, 50 µm. 

(E and F) Representative BCAS1 staining in the CTX region (E) and quantification (F) normalized 

to APOE3/3 controls. Scale bars, 50 µm. 

(G and H) Representative BCAS1 staining in the CC region (G) and quantification (H) normalized 

to APOE3/3 controls. Scale bars, 50 µm. 

Data are presented as mean ± SEM. The data from female and male mice are labeled as solid 

and open circles, respectively. n = 18-23 mice/group. Statistical significance was determined by 

linear model analysis with sex included as a covariate, followed by Bonferroni multiple-

comparison adjustment (significance threshold p < 0.0167). *p < 0.0167; n.s., not significant. 

 

 

 

 

 

 

 

 



 

 

Supplementary Fig. 9: Sex-specific analysis of MBP immunoreactivity in 5xFAD-

heterozygous APOE mice. 

(A and B) Quantification of MBP positivity in the cortex (CTX) of female and male mice, 

respectively. 

(C and D) Quantification of MBP positivity in the corpus callosum (CC) of female and male mice, 

respectively.  

Data were normalized to APOE3/3 controls and are presented as mean ± SEM. Statistical 

significance was determined by one-way ANOVA followed by Tukey’s multiple-comparison test. 

*p < 0.05; **p < 0.01; n.s., not significant. 

 



 

Supplementary Fig. 10: Sex-specific analysis of Cd63 immunoreactivity and Nectin1 

protein level in the brain. 

(A and B) Quantification of Cd63 positivity assessed by immunostaining in female and male mice, 

respectively. 

(C and D) Quantification of Nectin-1 protein levels assessed by Western blot in female and male 

mice, respectively.  

Data were normalized to APOE3/3 controls and are presented as mean ± SEM. Statistical 

significance was determined by one-way ANOVA followed by Tukey’s multiple-comparison test. 

*p < 0.05; **p < 0.01; n.s., not significant. 

 



 

Supplementary Fig. 11: WGCNA module-specific principal component analysis of 

proteomic profiles in 5xFAD-heterozygous APOE mice. 

Principal component analysis (PCA) was performed separately using the proteins assigned to 

each WGCNA module. Each point represents one mouse. Colors indicate APOE genotype, and 

shapes indicate sex, with circles representing female mice and triangles representing male mice. 

The first two principal components (PC1 and PC2) are shown for each module. 

 



 

Supplementary Fig. 12: Brain CE and FFA levels and their association with Aβ burden. 

(A and B) Quantification of brain total CE (A) and FFA (B) levels measured by targeted lipidomics. 

Data are presented as mean ± SEM. Data points from female and male mice are indicated by 

solid and open circles, respectively. n = 10 mice/group. Statistical significance was determined by 



linear model analysis with sex included as a covariate, followed by Bonferroni multiple-

comparison adjustment (significance threshold p < 0.0167). n.s., not significant. 

(C) Heatmap showing normalized Z-scores of brain CE and FFA subspecies across genotypes. 

right: log2FC of the DE lipids relative to APOE3/3. Asterisks indicate significant changes 

(FDR < 0.05), whereas blank cells indicate nonsignificant differences. n = 10 mice/group. Sex was 

adjusted in the analysis. 

(D and E) Scatterplots showing the associations between brain Aβ load quantified by 

immunostaining and brain total CE (D) or total FFA (E) levels measured by targeted lipidomics. 

Total CE levels were positively associated with brain Aβ load, whereas total FFA levels showed 

no significant association. Pearson’s correlation coefficient (r) and the corresponding p value are 

shown. Both variables were normalized to the cohort mean. Each dot represents one mouse. 
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